


Yy f\)? . -..-‘:( . "-'_'l.\ (- .I"
A=UR -81-973

TITLE: HIGU-CURRENT DENSITY COTL3 FOR HIGI-RADTATION ENVRTONMENTS
AUTHOR(S) Alexander liarvey

SUBMITTED TO: 7th International Conferenes on Mapnet Tecehnol ey,

Rarlsruhe, West Germanv, Marel 30, April 4, 198]

MASTER

University of California

m LOS ALAMOS SCIENTIFIC LABORATORY

ngt Offic.e Box 1663 | os Alamon, Now Mexico 87545
An Affirmative Action Equal Opportumty T mployos

1 vem No, B 0D DL
tt, No, IO OARERRD B 10d bR Ve,
|')’m TR THAC L W J1oh ), (e


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


HIGh=CURFENT DENSTTY COILS FUR WIGH-RADIATION ENVIRONMENTS

Alerardur Harvey"

SUMMART

This paper concentrates on the problems of
providing normal {(that is, nonsupereanductling magnet
ceils for present and short-term-fyuture requirements
where significant raciation doses are involved, Pro-
Jects such 1, luu="w dewteron accel rators (15 and
bundie Civerter coils for TONAMARG (7] are typical of
applications where conventiona® organic insulation
Timated te Y0P pads manes epeay-based systems
anacceptable.,  Moreover, even in present-day aCce -
erator radiation 'evels can be high ¢nonah to o,
rise Lo problens witn congation of copper crngL oty
Wowater 1y used inodirect ¢ontact with the copner
il ihe rad oyt aygen, being foemet oot
Cane UL centee Vet Ly eaternal goenegRenyt ro,
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", vagh=terpoery® v ctabt ity = mas g the met )
Compatents of the codd delerrine Sy oper g.
trcnal temperatyre himit, rather than the
MMy iat vt s te” as an cohventiona' (oyiy,

anatyuig ¢of the remateing congtratnts on max 1mym
Currentl Jdehisitiey achrevaliso n sych a coil ronstrug-
tion, using compuler codes, leady to cnil confiqura-
tions that operate at hrgher current denssyt ey than
are usually found in directly cooled coils, It alse
becomes ¢ lear that the cable can be desigred, nut
necessarily to maximize the "packing factor” by
decreas'nu irsulation ard sheath thickness, but to
cptimize the thermal conditions within the coil pack-
age. The operuling temperature limit is determined
by the acceptable oxidation rate of the surface-
expused metal on the cail,
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An erample ¢of the therral analycis cf cne cril
configuration is given, The apprerach taken at o«
Alamos to dea' with the problems rf accesserice, *n-
perature senscrs for example, anich are often as
intractable as the coil itself, is rutlineqd,

Te= problem. addressed huere, althcogn n v 1
inmediate concern to develaprent (0 f oo e
becoms -7 fondamental importance n the ¢corat>. t:
of cammercial fusion reacters,

rerr v
IR . t

T Awsiqrn ter conventicnal eeggeet e
T L T O T 2 Lt A L A ST AR N oo B T AR L T T I T NC O L
nereodettrad gy pfoc o nel conctyrtey Carrentaec v
(R AAENEN TR T LIS R Y S A R Wt
TatRbaanieg A tela L Crrert 3l oy reanteat T
for tre applicatinn, Adadirg the cap bty 0 e 0

TN iy hoauh vadaat o e e nmar Uy e W,

oy tter Gt e et ard e et e L
[ I I B A IR VPR SV2 3L BT LA TIPS NOR TP R
Grder oo e rentracted e Thie o Tty e et [
Meoners Ut TN D etz alam e T D e T
LT P L TS LR UR I

e per 0 cnde Uors i R gher gttt T
produses gne e prab et n the tarmat e i

padae byora eVt ra ety begdtir g e e ot
Al conling water earcaats e 0 Tnde o

My alse e related to the copper!
perature, bot 1t must bee neted thyt the J&ME e ot
cell quagrupoles showed no o andicataen e tnas 41 0o
i thetr varly yoars of operataen Do, Tt b 0T
eped sance beam antensily, and qo v aitatven ey

have rasen te thewr present oyels,

Loaperatan e .

The use of indirectly cocled mor, ol Ty
averd the corresion problem, whatever 1ty oo, o0
tne m.a, techrigue 18 particularly we'l quited t:
this concept, becanse of the relatively hien thers oo
conductivity ot the insulation (Z.30 W/meb ) ang th
copper=jacketed conctruction that provides a met "
hedt path to the cocling sink. This papor desoribes
the design optimization of suych a cove, The « ther
advantages nf *he mptnod may be worth mentienna;
less sensitaivity to the qulity, (or conduetivity -
the cooling water, and the abseece of plectery o
trsulatore in the cooling water yystem,

ol DESIGN

An apphicatior requiring radiat fnn-hardering f
the magnet cofl {s the hean transport 1.0 for the
Fusion Materials {rradiation Test (FMIT) [9;
accelerator-target, where the final gquadrupoles are
exposed to not only the estimated J-uA/m deuteron
spill, but alse to hack=streaming neutrons from the
tarqet [10],



The magnet cross section chosen is shown in

Fig. 1. 1t provides a compact structure, easily fab-
ricated for 4-fola symmetry, yet can be split read:ly
on the horizontal centerline for remote access to the
vacuum system. The coil has two layers of 13.5-mm
square solid m.i. cable wound on top of a layer of
cooling tubing, which therefore cocls the iron parts
of tne magnet, removing the radiation-deposited heat.
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FUTURE DEVELOPMENT

The fusion program leads to requirementc for coil
of much nigher current ratings than that described
above [12]. Meeting these requirements calls for
some changes in m.i. cable technology. Existing
cables are made by minor changes in the manufacturing

S

process for conventional m.i. cables; cables for hignh-

power coils will require careful optimization of the
cable parameters. Examination of (A-1) in the
Appendix shows the following features,

1. The caple should be rectangular, because the
conductor width, Wc, appears only in the
denorinater.

2. There wil) be an optimum value cf sheath
thickness, ts, for each co!l.

3. A minimyr jnsulatien thickness, ti, is
desirat-le; the ninimyr s determited hy thp
voltiae standoff requived after «ing:: ',
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mont, s pessat ies T iy st antenaed to bt
up witn gt cver-temperatare wattoh, as (1luste ety
Frge 3,y te verease relrabality, Therma? st 8
ths configuratinn shows that the temperature 10 -
feronce betweer switch and conductor {6 Tess thae
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when meliaple water c1rguIts are cornected i
4 magnet, the dependence on temperature swmitohes
rises, because these switchey, are the only dey e
small erough to install, These can be made mere
effective and relighle by using several switches with
an auction-based decision circuit: n Los Alamps tw
out of three switches determing whether the cooling
is adequate. The thrae switches are from difterent
manutfacturery, entirely tnerqanic, te decrease the
poss‘hitity of a common tailure mede.
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Temperature rise of upper corductor = averaye
temperature of sheath + rise in insulation

= ypper ‘emperature rise of lower sheath ¢+ 1/2
temperature rise in upper sheath ¢ rise in
insulation.
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Therefure, the temperature ¢ f Uhe upper cond.ctor
vwhich will not differ meth tror that ot the top
sheath s.rtace} on whigh are probal.ly want te set o ar
wpber 1mity becames:




